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Abstract 
Digitization of images usually suffer from poor image quality, lack of contrast and presence of shading and artifacts, to 
improve quality of image, especially in effectiveness or attractiveness enhancement is required, The  main  objective  is  to  
enhance  the color image  by  converting  the  RGB  value  of  each  pixel  of  the  original  image  to  HSV  then  2D-DWT  
applied to  the  luminance  value of V component.  It decomposes the original image into four sub bands. The low 
frequency sub band is smoothened by using geometric mean filter.  Then the IDWT applied with new low frequency and 
other sub bands.  The  enhanced  V  is  combined  with  H  and  S  are  converted  back  into  RGB. The  experimental  
results  vividly  displays  the  proposed  algorithm  is  efficient  to enough  to  remove  the noise  resulting  good  
enhancement  and  then  achieved  increased  value  of  PSNR  and  reducing  value  of  MSE. The  above  proposed scheme  
implemented in  Xilinx  Spartan-6 FPGA  for  increasing  the speed  greatly  and  reduces  the size  of  the  needed  storage  
space. 
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1. INTRODUCTION 
Enhancement plays a very important aspect in image processing; that is improving the quality of an image is 
named as enhancement. Image enhancement is the process of adjusting digital images so that the results are 
more suitable for present or more image investigation. Image enhancement [1] refers to emphasis, sharpening  
Nomenclature 
DWT Discrete Wavelet Transform   
XSG Xilinx System Generator 
FPGA Field Programmable Gate Array  
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of image features such as edges, borders, or difference to build a graphic display more useful for display and 
investigation. Image improvement includes gray level and contrast operation, noise reduction, edging, 
sharpening, filtering, interpolation and intensification, pseudo coloring, and so on. Nowadays color image 
enrichment [2] is apt an increasingly key research region. Color image enhancement may require improvement 
of color stability or color distinguishes in a color image. Enrichment of color images becomes a more difficult 
task not only because of the extra aspect of the data but also due to the additional difficulty of color 
observation. The RGB color representation is the mainly used color space. These principal colors can be 
combined to produce huge number of derived colors. While it is feasible to enhance a digital real color image 
by applying accessible grey image improvement schemes to all red, green and blue channel, the resultant image 
cannot be improved optimally. The scheme is applied to individual channels lacking the relationship between 
R, G, and B part of the image. RGB color space has failing in representing shade effects or quick illumination 
varying. In order to solve this problem, converting an image from RGB space to other spaces. These types of 
algorithms [3] convert images from RGB color space into other spaces such as HSV, YCbCr, YUV, etc. In 
RGB space, the pixel strength of a color image is not divided from the color. Other spaces such as HSV 
differentiate between color and intensity and so these spaces reform improved images than is achievable with 
the RGB space.  Therefore, the color image should be altered from RGB space to other space.  Gang Song et al. 
[4, 5] proposed an adaptive color image improvement based on individual visual properties in HSV space. 
Color images enhanced by this algorithm have richer color and better illustration result. However, the image 
improvement is based on arithmetic mean and variance calculation. While an arithmetic mean filter smoothes 
neighboring variant in an image and noise is condensed to some extent, it actually results in blurring of the 
image. Also, the arithmetic mean filter tends to lose image particulars such as edges and sharpness. A novel 
color image enrichment algorithm on human visual system based on adaptive filter is projected by Xinghao 
Ding et al. [6]. This method utilizes color space change to obtain a much better visibility. This method has 
better usefulness in sinking halo and color distortion. However, the algorithm may not be efficient from 
computation point of view.  
Gowri.B et al. [7] proposed DWT based medical image enhancement implemented in FPGA. 
Soumiya.P.R and S.Sakthivel [8] has proposed Satellite image enhancement based on DWT lifting scheme with 
Spartan 3 FPGA kit. The reconstructed images are favourable for human visual perception and improve 
contrast. M.C Hanumantharaju et al. [9] proposed an adaptive color image enhancement based on HSV color 
space that adoptive low pass filter that enhances the image. Xiong Jie et al. [10] proposed a color image 
enhancement in HSV space. The algorithm provides good color performance since it conserves hue. Also, 
saturation channel is improved by Butterworth high frequency allowable homomorphic filter and value channel 
is improved by multiscale Gaussian high pass homomorphic filter. Meanwhile Homomorphic filtering Low 
frequency, and high frequency pass filtering are the other techniques to work in spatial domain [11] and [12]. 
Later, these techniques were used for enhancing color images too. Fabrizio Russo proposed enhancement 
scheme adopts a easy piecewise linear function, in his algorithm only one piecewise linear function to combine 
the smoothing and sharpening effects [13]. S.Gopinath et.al was developed a piece wise linear action for a non 
linear filtering technique of gray images by using discrete wavelet Transforms [14].  In this work, HSV color 
space is chosen since it offers good image enhancement. The proposed image enhancement method is 
formulated and simulated with MATLAB and implemented in real time using FPGA processor. The results are 
tabulated in terms of percentage resources utilization and power consumption.  
The rest of the paper is structured as follows. Section II discuss on the colour spaces conversion algorithm. 
The 2-D DWT describes Section III. Section IV   briefly introduces the image enhancement based on geometric 
mean filter algorithm. The Real Time Implementation of proposed image enhancement scheme is given in 
section V. Section VI discusses the results obtained and Section VII concludes the paper. 
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2. HSV COLOR SPACE CONVERSION 
2.1   Hue Saturation Value (HSV) 
The HSV color space is scheduled cylindrical coordinates. The HSV representation defines a color space 
in terms of three basic components. Hue represents variety of color for instance red, blue, or yellow that ranges 
starts 0 to 360 degrees. Saturation is the vitality of color to ranges starting 0 to 100%. The lesser the saturation 
of a color, the added gray the image looks and more dull the color appears. Value is the intensity of the color 
that ranges from 0 to 100%. In order to get good enhancement, The HSV color space is usually used to produce 
high class computer graphics. In easy terms, it is used to select various colors needed for a particular picture. 
To convert from RGB to HSV (assuming  normalized RGB values). The forward and  reverse transformations 
based on the expressions as shown in the Table 1.  
Table 1. RGB ÅÆ HSV Color Space Conversion  
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 3.  2-D Discrete Wavelet Transform 
      The second stage of this scheme uses 2-D Discrete Wavelet Transformation (DWT) at first level 
decomposition. DWT converts the image from the spatial field to frequency field. The image can be separated 
with four parts those are LL, LH, HL and HH as shown in fig.1. In additional, those four portions are 
represented four frequency regions in the image. For the low-frequency domain LL is sensitively with human 
eyes.  
 
 
 
Fig. 1.  Frequency distribution of DWT 
4.  IMAGE ENHANCEMENT 
 
4.1 Geometric Mean Filter 
The Geometric mean is a group of average of a setoff number that is distinct from the arithmetic average. 
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The geometric mean is defined only for sets of positive real numbers. This is computed by multiplying all the 
numbers, and taking the nth root of the total. A common model of where the geometric mean is the right option 
is when averaging growth rates.                   
The geometric mean between two number is geof 0 = 21. ff    and it is implemented using equation (1). 
 
geomx
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n
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=
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Where GM is Geometric Mean and x = individual score and n=sample size (Number of scores)
 
 
5   REAL TIME  IMPLIMENTATION 
 
5.1 Proposed procedure for Implementation on FPGA with Xilinx System Generator  
System Generator extends the usual Hardware Description Language design providing graphical modules, 
and thus does not require a full information of this difficult language. Simulink graphical language allows an 
abstraction of the design through the employ of accessible System Generator blocks and subsystems. This 
reduces the time necessary between the control design derivations and hardware execution.  Also, the software 
provides for the hardware simulation and hardware-in-the-loop certification, referred to as hardware co-
simulation, XSG offers three ways for the verification of the design Efficient simulation through Simulink, 
handy and temporal HDL simulations using ISIM or ModelSIM simulators, and Hardware co-simulation, 
anywhere the Hardware component of the design is implemented on a FPGA development board and interacts 
with the respite of the Simulink model. This selection builds a configuration file for the target device and 
associates it to a new Simulink block. The method allows examinations the algorithm functionality using HW 
in the loop. The used tools are Matlab R2012a with Simulink from MathWorks, System Generator for DSP and 
ISE 14.5 from Xilinx present such capabilities. After the simulation step the VHDL codes were automatically 
generated from the System Generator building block sets. The VHDL codes were then synthesized using Xilinx 
ISE 14.5 and targeted used for Xilinx Spartan 6. The optimization setting is for utmost clock speed. The target 
FPGA chip is Xilinx Spartan 6 XC6LX16-CS324. During the Simulink-to-FPGA design flow, circuit 
modelling is built up through Simulink essential blocks and Xilinx specified blocks. Input and output data are 
collective with Matlab workspace, which is suitable to change number of design and correct. Figure 2 shows 
the Simulation model through the Hardware Co-Simulation block. The bit stream download process is 
performed with a JTAG cable. 
 
6 EXPERIMENTAL RESULT 
The performance resourceful implementation marks can be behaviourally achieved by low power 
consumption at maximum frequency for the color space conversion. The Hardware Co-Simulation proposes has 
been implemented on NEXYS 3 SPARTAN 6 FPGA kit. The MATLAB script is written to read the input 
image of pixel size 256 X 256. The m file generates matrix data of order 256 X 256 showing the pixel values in 
vector format suitable to use in Xilinx system generator.  The proposed system is designed in Xilinx system 
generator and that has been simulated as “hwcosim” block for real time Hardware Co-Simulation to 
enhancement the contrast of the test images. The pixel values of the participation image are obtained and given 
serially to NEXYS3 SPARTAN6 FPGA kit. It is implemented various Standard color test Images in 
Matlab/Xilinx system generator. Figure 3 shows the various stage outputs of proposed image enhancement 
scheme. 
The table 2 & 3 shows resource requirement and power required for the proposed color image 
enhancement implemented in SPARTAN-6 (XC6LX16-CS324). From the output it is clear that the proposed 
enhancement scheme gives good result and implemented on NEXYS3 SPARTAN6 FPGA kit consuming 
minimum resources and lowest power at maximum sampling frequency of 100MHz. 
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Fig. 2  Real Time implementation of proposed Image Enhancement  Scheme. 
 
 
Fig. 3  Result of various stages of proposed image enhancement scheme 
  
Table 2.  Resource Utilization for  the proposed color image enhancement at various stages of the scheme 
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RGB HSV DWT_LL Geometric Mean 
Filter (GMF) 
IDWT Enhanced RGB 
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18,224 42 1 0 0 145 1 67 1 42 1 196 1 
Slice LUTs 9112 4200 46 37 1 129 1 41 1 110 1 4576 50 
Occupied 
Slices 
2278 1327 58 15 1 41 1 20 1 54 2 1435 62 
MUXCYs 
Used 
4556 2836 62 0 0 80 1 32 1 28 1 2976 65 
Bonded IOBs 232 85 36 70 30 29 12 71 30 85 36 85 36 
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 Table 3. Power Report for Various Stages of proposed image enhancement scheme 
Table 4. Quality Measure 
The table 4 gives Quality measure for the proposed enhanced scheme, from the table it shows enhanced output 
has good PSNR values and reduced MSE values and other quality measures. 
7  CONCLUSION 
In this work, color image enhancement based on DWT and geometrical mean filter was projected. This 
technique, saturation and hue are preserved in order to avoid color distortion. The luminance enhancement is 
achieved by with geometrical mean filter because geometric mean filter tends to lose less image detail. 
Geometric mean filter achieves smoothing filtering. The experimental results show that Standard test color 
images enhanced by the proposed algorithm are clearer, more vivid and more brilliant. Also, this project 
developed and implemented on FPGA. The FPGA implementation is behaviourally targeted NEXY3 
SPARTAN-6 board, XC6LX16-CS324 using the updated Xilinx system generator within the ISE 14.5 
development suite. This board outperforms in color image enhancement by consuming the least power at 
highest sampling frequency. The future work will be purposeful on the high performance efficient FPGA 
implementation of the image filtering algorithms on various sub bands and introduce Soft computing 
techniques to reduce resource utilization and power requirements. 
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Power Required RGB  to HSV DWT GMF IDWT HSV to RGB Entire model 
Total Power (w) 0.256 0.020 0.208 0.030 0.098 0.264 
IMAGE Mean Square  
Error 
Peak Signal to  
Noise Ratio 
Average  
Difference 
Structural 
Content 
Maximum 
Difference 
Normalized  
Absolute Error 
Input Lena 277.4312 29.7789    0.0176 0.9894 73 0.1073 
Enhanced Lena  16.1742 41.9506 -0.4489 0.9940 218 0.0175 
Input  Monarch 368.9145 29.3636 0.4604 0.9791 76 0.1438 
Enhanced  Monarch  66.4934 36.7703 -0.4601 0.9830 244 0.0436 
